What Is Known
=============

-   Coronary artery disease and aortic stenosis often coexist.

-   In the new era of low-risk transcatheter aortic valve implantation in younger patients, the need for coronary access after transcatheter aortic valve implantation will likely increase.

What the Study Adds
===================

-   This is the first assessment of coronary access after transcatheter aortic valve implantation in a large, international, multicenter registry using the balloon-expandable SAPIEN 3 transcatheter heart valve.

-   At 3 years post transcatheter aortic valve implantation, the incidence of coronary access was 3.5% in an elderly, high-risk cohort.

-   Coronary access was successful in 100% of patients who received the balloon-expandable SAPIEN 3 transcatheter heart valve, and percutaneous coronary intervention successful in 97.9% of patients.

Transcatheter aortic valve implantation (TAVI) has emerged as the standard of care for severe aortic stenosis. Indications for TAVI are expected to expand following the positive outcomes from randomized clinical trials of transcatheter heart valves (THV) in younger and lower-risk patients.^[@R1]--[@R6]^ An estimated 40% to 75% of patients with severe aortic stenosis who undergo TAVI also have significant coronary artery disease (CAD).^[@R7]^ Younger patients are more likely to require coronary intervention after TAVI due to the progressive nature of CAD and their longer life expectancy. Thus, the need for coronary access (CA) for diagnostic angiography and percutaneous coronary intervention (PCI) after TAVI is expected to increase. However, scant data are available on incidence, feasibility, and success rate of coronary intervention in patients who underwent TAVI.^[@R8]^ Moreover, some evidence suggests that CA feasibility after TAVI may differ with different THV designs.^[@R8]--[@R11]^

We undertook a retrospective study of patients enrolled in the SOURCE 3 Registry (SAPIEN 3 Aortic Bioprosthesis European Outcome), an international, real-world registry, to determine the incidence, success rate, and effect on cardiovascular mortality up to 3 years post-TAVI of CA and PCI after TAVI with a balloon-expandable valve.

Methods
=======

The SOURCE 3 registry is a post approval, observational registry of 1947 patients who underwent TAVI at 80 centers in 10 European countries. The aim of SOURCE 3 was to evaluate the safety and performance of the SAPIEN 3 THV (Edwards Lifesciences; Irvine, CA) up to 5 years postprocedure in patients with severe, symptomatic, calcific aortic stenosis at high risk for surgery in real-world practice. Registry design and 30-day and 1-year results have been previously described.^[@R12],[@R13]^ Because of the sensitive nature of the data collected for this study, requests to access the dataset from qualified researchers trained in human subject confidentiality protocols may be sent to Edwards Lifesciences at <Erin_Rogers@edwards.com>.

The SOURCE 3 research protocol complied with the Declaration of Helsinki and was approved by local ethics committees and applicable health authorities in the participating countries. All enrolled patients provided written informed consent before study activities began.

Enrolled patients received the SAPIEN 3 THV (23, 26, or 29 mm) via a transfemoral approach or other routes. An independent clinical event committee reviewed and adjudicated significant clinical events according to Valve Academic Research Consortium 2 criteria.^[@R14]^ An independent neurologist reviewed all strokes to determine whether they were disabling.

Study Population
----------------

A heart team, comprising cardiac surgeons, interventional cardiologists, anesthetists, and imaging specialists, selected eligible patients based on clinical consensus that TAVI was the best treatment option. Selected patients conformed to the SAPIEN 3 indication for use and the European Society of Cardiology/European Association for Cardiothoracic Surgery guidelines.^[@R15]^

Inclusion/Exclusion Criteria
----------------------------

Patients from the database were selected if they underwent a coronary intervention post-TAVI, including CA for diagnostic angiography and PCI. Patients who had vascular interventions were excluded. Patients with acute coronary artery obstruction due to the valve prosthesis itself, native leaflets, or calcifications that occurred during or immediately after TAVI were also excluded.

To determine which patients met the inclusion criteria, the all-treated population (ie, all enrolled patients) in the database was searched by the following: adverse events up to 3 years, including congestive heart failure or worsening of congestive heart failure, coronary artery obstruction requiring intervention, death, myocardial infarction (MI), and other. The identified adverse events were then filtered by the following: PCI, coronary artery bypass graft, drug-eluting stent, stent, percutaneous transluminal coronary angioplasty, percutaneous transluminal angioplasty, and coronary angiography. Each case was reviewed to ensure it conformed to the inclusion/exclusion criteria. Patients with coronary artery events that occurred during TAVI were excluded.

Outcome Measures
----------------

Evaluated outcome measures were as follows: (1) successful CA (ie, ability to selectively cannulate the desired artery); (2) successful PCI (ie, ability to perform balloon angioplasty or stent implantation when needed); and (3) any complication, including death related to CA or PCI after TAVI.

Analysis
--------

Baseline characteristics for patients with and without CA at 3 years post-TAVI in the all-treated population were compared using the Kruskal-Wallis test for continuous variables and Fisher exact test for categorical variables.

The first report of CA was used in the analysis. A Kaplan-Meier estimate and 95% confidence formulas, using Greenwood formula for CA and PCI occurrence are provided. Kaplan-Meier curves were used to compare the effect of CA on overall and cardiac mortality. No statistical testing was performed to compare mortality between the CA and non-CA groups due to the limited number of events and because the proportional hazard assumption was not met.

Statistical software R, v3.5.3 (R Foundation for Statistical Computing; Vienna, Austria) was used for the analysis.

Results
=======

Patient Disposition
-------------------

A total of 1936 were included in the analysis (Figure [1](#F1){ref-type="fig"}). Excluded patients received an alternative valve, had coronary intervention concomitant with TAVI, had coronary obstruction during or immediately after TAVI, or withdrew consent before receiving an implant. Of the included patients, 68 (3.5%) required CA within 3 years after TAVI.

![**Study flow chart.** TAVI indicates transcatheter aortic valve implantation.](hcv-13-e008972-g001){#F1}

Patient Characteristics
-----------------------

At baseline, most patients were male, and the mean age was 81 years (Table [1](#T1){ref-type="table"}). The 2 cohorts were similar in terms of risk scores, New York Heart Association functional class, left ventricular ejection fraction, and other echocardiographic variables. At baseline, patients in the CA group had significantly higher incidences of MI, hypertension, CAD, peripheral vascular disease, dyslipidemia, previous coronary artery bypass graft, and PCI, and previous smoking compared with the non-CA group. Groups also differed in access sites for TAVI. More than twice as many patients in the CA group (26.5%) had TAVI via a transapical approach compared with the non-CA group (12.6%).

###### 

Baseline Characteristics

![](hcv-13-e008972-g002)

Coronary Intervention Outcomes
------------------------------

The mean time to CA after TAVI was 441 days, ranging from 1 to 1076 days. At 1 year, 31 patients underwent CA and 23 underwent PCI (with or without stent implantation; Table [2](#T2){ref-type="table"}). At 2 years, an additional 22 and 14 patients underwent CA and PCI, respectively. And at 3 years, another 15 and 13 patients underwent CA and PCI, respectively.

###### 

Post-TAVI Coronary Intervention by Time

![](hcv-13-e008972-g003)

CA was successful in all cases (Table [3](#T3){ref-type="table"}). Forty-seven patients had an indication for PCI. Of these, 89.4% underwent stent implantation, while 4.4% underwent balloon angioplasty only. The primary reason for CA was stable CAD, followed by non--ST-segment--elevation MI, ST-segment--elevation MI, syncope, dyspnea, and chest pain. Two patients were in cardiogenic shock at the time of PCI.

###### 

Coronary Access and Percutaneous Coronary Intervention After TAVI

![](hcv-13-e008972-g004)

The left anterior descending coronary artery was the most frequently treated vessel, followed by left circumflex artery, right coronary artery, saphenous vein graft, and left main trunk (Figure [2](#F2){ref-type="fig"}). Planned PCI was successful in all but 1 case that was complicated by coronary perforation followed by cardiac tamponade leading to patient's death.

![**Coronary vessels treated after transcatheter aortic valve implantation.** LAD indicates left anterior descending artery; LCX, left circumflex artery; LM, left main; SVG, saphenous vein graft; and RCA, right coronary artery.](hcv-13-e008972-g005){#F2}

The survival analysis showed a numerical increase in cardiovascular mortality in the period immediately after CA (Figure [3](#F3){ref-type="fig"}). Cardiovascular mortality appeared higher in patients with CA to 1-year post-CA than in those without CA but could not be statistically tested due to the limited number of events.

![**Cardiovascular mortality after coronary access post-transcatheter aortic valve implantation (TAVI).** Cardiovascular mortality in the coronary intervention post-TAVI group (blue) and the group that did not have a coronary intervention post-TAVI (red). Baseline for the coronary intervention group is time of intervention. Baseline for the noncoronary intervention group is time of TAVI.](hcv-13-e008972-g006){#F3}

Discussion
==========

The main findings of this study, the first to assess CA after TAVI in a large, real-world European registry, are as follows: (1) In the SOURCE 3 registry the incidence of CA up to 3 years after TAVI was 3.5%; (2) Patients who required CA more frequently had a history of coronary artery bypass graft or PCI, peripheral vascular disease, MI, hypertension, and dyslipidemia compared with the rest of the population; (3) The reasons for CA ranged from diagnostic to urgent (ST-segment--elevation MI and cardiogenic shock); and (4) CA was successful in all cases, and the success rate of PCI was 97.9%.

The need for CA after TAVI has not been adequately addressed by the current literature, with data mainly restricted to case series or single-center experiences. In our high risk, elderly cohort of patients treated with a balloon-expandable THV, the incidence of CA was 3.5%, with 69% of patients needing PCI. Mean time to CA after TAVI was 441 days. Of note, with the expansion of TAVI indication to lower risk and younger patients, these numbers are likely to increase, due to the progressive nature of CAD and the longer life expectancy of these patients.^[@R4]^ Accordingly, the possibility to easily engage the coronary arteries after THV implantation is of paramount importance.

In our study, selective CA was feasible in all patients requiring coronary angiography, while PCI was successfully performed in all but 1 case, which was complicated by coronary perforation leading to cardiac tamponade.

The first successful CA after TAVI was reported in 2007 by Zajarias et al^[@R16]^ who published a case study of an 85-year-old man who underwent a successful PCI 15 months after receiving an Edwards balloon-expandable THV. Since then, other small retrospective and observational studies have reported positive outcomes for coronary intervention in patient previously treated with self-expanding and balloon-expandable THV.^17--19^ While these studies demonstrated the feasibility and high success rate of CA and PCI post-TAVI, the procedures were not without challenges.^[@R8],[@R9],[@R19]^

The ability to traverse a THV to access the coronary vessels depends not only on anatomic factors such as coronary height and sino-tubular junction height and width but also on valve design. Self-expanding valves, such as CoreValve, may present technical challenges to CA because of its supra-annular position above the coronary ostia. Moreover, the asymmetrical skirt and closed-cell frame design often make CA difficult, particularly when a neocommissure rests in front of the coronary ostium.^[@R9],[@R10],[@R18],[@R19]^ Conversely, balloon-expandable valves, such as SAPIEN 3, have a low frame height that frequently results in a sub-coronary implantation, large-cell frame design (4.4--6.8 mm) on the outflow side and commissure windows reducing frame material.^[@R20]^ All these features facilitate the passage of a coronary catheter and coronary ostium cannulation and make CA easier even when the SAPIEN 3 valve is implanted in a high position.^[@R9],[@R21]^

Despite the lack of randomized clinical trials comparing CA among different valve types, our findings underscore the extremely high feasibility and success rates of CA and PCI after the implantation of the SAPIEN 3 THV, even in the urgent setting of ST-segment--elevation MI and cardiogenic shock. While this analysis was limited to the post-procedural CA in SOURCE 3, Wendler et al^[@R12]^ reported successful percutaneous treatment of 6 out of 7 cases of procedural coronary obstruction in the SOURCE registry, demonstrating the advantage of the open-cell valve design in allowing urgent CA and PCI.

Cardiovascular mortality was higher in patients with CA than in those without CA. Nevertheless, it is noteworthy that this does not seem to be related to CA itself. In fact, no cases of coronary ostium dissection, valve dislodgement, nor valve stent fracture were recorded, and only one case was complicated by coronary perforation, which was likely unrelated to the presence of the SAPIEN 3 THV.

While assessment and treatment planning of CAD in patients who are TAVI candidates is very important, interventional strategy and optimal timing of the coronary procedure is still a subject of debate. Some guidelines recommend treating severe CAD before TAVI, even in patients without angina symptoms.^[@R22]^ However, a systematic review of 9 studies evaluating CAD treatment for coronary stenosis before or during TAVI found no clinical advantage for either approach.^[@R23]^ The results of these studies are reassuring in terms of the ability to access the coronary arteries after implantation of a SAPIEN 3 THV and might allow a less aggressive approach when intermediate coronary artery stenoses are found in TAVI candidates, particularly in those with frailty or high bleeding risk.

Limitations
-----------

This analysis was limited by the observational, retrospective, and nonrandomized design of the study. The relatively small sample size of the CA population did not allow for further statistical analyses. Since CA was not a prespecified end point of the original SOURCE 3 study, we cannot exclude underreporting. However, all events---including MI---where adjudicated by an independent clinical event committee. Importantly, the results of this study should not be extended to patients treated for bicuspid aortic valve stenosis, for which THV implantation is usually higher, and CA might be more challenging.^[@R10],[@R24]^

Conclusions
-----------

In this large multicenter study of patients treated with a balloon-expandable THV, the need for CA after TAVI was 3.5% at 3 years. CA was feasible in all patients, and clinical success of PCI was 97.9%. These results are reassuring for the future of TAVI with this type of device in younger and lower-risk patients, in whom the need for CA is expected to increase.
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